Background: Reproductive and hormonal factors are involved in the etiology of breast cancer, but there are only a few prospective studies on endogenous sex hormone levels and breast cancer risk. We reanalyzed the worldwide data from prospective studies to examine the relationship between the levels of endogenous sex hormones and breast cancer risk in postmenopausal women. Methods: We analyzed the individual data from nine prospective studies on 663 women who developed breast cancer and 1765 women who did not. None of the women was taking exogenous sex hormones when their blood was collected to determine hormone levels. The relative risks (RRs) for breast cancer associated with increasing hormone concentrations were estimated by conditional logistic regression on case-control sets matched within each study. Linear trends and heterogeneity of RRs were assessed by two-sided tests or chi-square tests, as appropriate. Results: The risk for breast cancer increased statistically significantly with increasing concentrations of all sex hormones examined: total estradiol, free estradiol, non-sex hormone-binding globulin (SHBG)-bound estradiol (which comprises free and albumin-bound estradiol), estrone, estrone sulfate, androstenedione, dehydroepiandrosterone, dehydroepiandrosterone sulfate, and testosterone. The RRs for women with increasing quintiles of estradiol concentrations, relative to the lowest quintile, were 1.42 (95% confidence interval [CI] = 1.04 to 1.95), 1.21 (95% CI = 0.89 to 1.66), 1.80 (95% CI = 1.33 to 2.43), and 2.00 (95% CI = 1.47 to 2.71; P trend <.001); the RRs for women with increasing quintiles of free estradiol were 1.38 (95% CI = 0.94 to 2.03), 1.84 (95% CI = 1.24 to 2.74), 2.24 (95% CI = 1.53 to 3.27), and 2.58 (95% CI = 1.76 to 3.78; P trend <.001). The magnitudes of risk associated with the other estrogens and with the androgens were similar. SHBG was associated with a decrease in breast cancer risk (P trend = .041). The increases in risk associated with increased levels of all sex hormones remained after subjects who were diagnosed with breast cancer within 2 years of blood collection were excluded from the analysis. Breast cancer risk is partially determined by several hormone-related factors, such as age at menarche, parity, and age at menopause, and it has long been hypothesized that high levels of
endogenous sex hormones, especially estrogens, may increase breast cancer risk. Early epidemiologic studies compared the hormone levels in women diagnosed with breast cancer with those in healthy control subjects. The overall results of these studies suggested that postmenopausal women with breast cancer had higher levels of estradiol and estrone than did healthy postmenopausal women; however, these studies (1) did not clarify whether such differences were caused by the disease or represented risk factors for the disease. To eliminate the former possibility, data are needed from prospective studies that collect blood samples from healthy women and then examine the relationship between hormone levels and the risk of subsequently developing breast cancer. During the last 10 years, nine research groups have published results from prospective studies of endogenous hormones and breast cancer: Columbia, MO (13, 14) . Most of these studies have concluded that high levels of estrogens and other sex hormones are associated with an increase in breast cancer risk in postmenopausal women. However, none of the individual studies has been large enough to produce precise estimates of the risks.
The Endogenous Hormones and Breast Cancer Collaborative Group was established to conduct pooled analyses of the original data from these nine studies. The specific aims of the group were 1) to obtain more precise estimates of the relative risks (RRs) of breast cancer than were obtained from the single studies, 2) to look at the relationship between time from blood collection to diagnosis and the risks associated with endogenous levels of hormones, 3) to investigate whether the association between endogenous hormone concentrations and breast cancer risk varies according to the history of use of hormone replacement therapy (HRT), 4) to evaluate whether estradiol is the hormone most closely associated with risk, 5) to examine whether sex hormone levels may explain the relationship between body mass index (BMI) and breast cancer risk, and 6) to examine the associations between hormone levels and breast cancer risk in premenopausal women. In this article, we present our findings for the first four of these aims.
SUBJECTS AND METHODS

Identification of Prospective Studies of Hormones and Breast Cancer Risk
Studies were identified by computer-aided literature searches, within relevant review articles, and through our discussions with colleagues. Studies were eligible for inclusion in this analysis if they had published data on endogenous hormone concentrations and breast cancer risk using prospectively collected blood samples from postmenopausal women. Ten eligible studies (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) were identified, and data were contributed for nine of them. The tenth study (15) was not included in the analysis because the data could not be retrieved; this study included 39 cases of breast cancer among postmenopausal women.
Collection of Data
Authors of the included studies were asked to provide their data on the following factors and hormone concentrations for each woman in their study: case or control status and matched set identifier, where applicable; date of diagnosis and stage of the disease for case patients; date of birth; date and time of blood collection with details of any overnight fasting or concurrent drug use; age at menarche; number of full-term pregnancies and age at first and last full-term pregnancy, where applicable; menopausal status at blood collection (natural menopause, bilateral ovariectomy, hysterectomy without bilateral ovariectomy, surgical but details unknown) and age at menopause; height and weight; smoking habits; previous use of hormonal contraceptives; previous use of HRT; concentrations of total estradiol, free estradiol, non-sex hormone-binding globulin (SHBG)-bound estradiol (free plus albumin-bound estradiol), estrone, estrone sulfate, androstenedione, dehydroepiandrosterone (DHEA), dehydroepiandrosterone sulfate (DHEAS), testosterone, and SHBG. Not all of the hormone and SHBG measurements were available for each study. Women who were missing data for any of the following factors were excluded from the analysis: matched set identifier, where applicable; dates of diagnosis for case patients; date of birth; and date of blood collection.
In general, the data sent to us for analysis were identical to the data analyzed and published previously by the original researchers. The two exceptions were the ORDET study (8) , for which extra follow-up data and laboratory measurements had been obtained and analyzed but not yet published since the original report from that study, and the Rancho Bernardo study (9, 10) , for which additional follow-up data had been obtained and could be analyzed in relation to the assays conducted at the outset in this cohort.
Study Designs
All nine studies examined cohorts in which blood samples were collected from healthy women who were then followed to identify those who developed breast cancer. As shown in Table  1 , seven studies used a nested matched case-control design: Columbia, MO (2,3), Guernsey, United Kingdom (4), Nurses' Health Study (5) , NYU WHS (6, 7) , ORDET (8) , RERF (11) , and Washington County (13, 14) . In these studies, the subjects were followed for a defined time interval, and then assays of their serum hormone concentrations were conducted for case patients with incident breast cancer and for control subjects matched to the case patients on criteria such as age and date at blood collection. The SOF (12) used a case-cohort design; study subjects were followed for a defined time interval, and then assays of their serum hormone concentrations were conducted for case patients with incident breast cancer and for control subjects selected at random as a subsample of the whole cohort. The Rancho Bernardo study (9,10) used a full cohort design, in which hormone assays were conducted on stored serum collected from the whole cohort before incident cases of breast cancer were identified; all the women in the cohort were followed for a defined time interval after blood collection. In all nine studies, women who were using HRT or other exogenous sex hormones at the time of blood collection were not eligible for inclusion in the analyses of endogenous hormones and breast cancer risk.
Details of the assay methods for the different hormones and SHGB are presented in the original publications. For estradiol, estrone, and testosterone, we examined the results according to whether the assay incorporated purification steps, such as extraction and chromatography, or used a direct, no-extraction method. For estradiol, five studies (4, 5, 9, 12, 14) used assays incorporating purification and four studies (2, 6, 8, 11) used direct methods; for estrone, four studies (5, 9, 12, 14) used assays incorporating purification and two studies (2,6) used direct assays; for testosterone, three studies (5, 9, 12) used assays incorporating purification and four studies (2, 4, 7, 8) used direct assays.
Statistical Analysis
The basic method of analysis used throughout this study was conditional logistic regression. Seven of the nine studies were already in the form of matched case-control data, and for these studies, the original matching was preserved. For the other two studies, which had case-cohort and full cohort designs, nested case-control data sets were generated from within the cohorts so that the same statistical analysis could be conducted across all nine studies. In keeping with the designs of the other seven studies, control subjects in the latter two studies were matched to case patients as closely as possible by age and time between diagnosis and blood collection. Analysis of the data from these two studies before such matching (i.e., as they were originally published) and after the imposition of matching provided very similar results for the associations between hormone levels and breast cancer risk (results not shown). Because matching was conducted within studies, only women from the same study were directly compared.
Measurements of steroid hormone concentrations are subject to substantial between-laboratory variations because different laboratories use different assay methods. It is not surprising, therefore, that there were considerable differences between the different studies in the median values and interquartile ranges (25 th to 75 th percentiles) for the serum concentrations of most of the hormones in the control subjects. Given this variability, it is clear that the reported hormone concentrations are not directly comparable between studies and that any pooled estimate of breast cancer risk in relation to such measures would have to take this into account.
Although the reported values of a given hormone concentration may vary considerably among studies, we expected that the RR of breast cancer in women with hormone levels at the top end of each study-specific distribution of hormone concentrations compared with that of women at the bottom of that distribution would be comparable across studies. The first approach used here, therefore, was to carry out an analysis of breast cancer risk in which each hormone concentration was divided into five groups with cut-points defined by the study-specific quintiles of its distribution within the control subjects.
The analyses of breast cancer risk according to quintiles of hormone concentration suggested trends of increasing risk with increasing hormone concentrations. To provide summary measures that would quantify these trends and that could easily be compared across studies and subgroups, we also calculated a linear trend in breast cancer risk in relation to the logarithm serum hormone concentrations. The rationale for such an analysis is as follows: If true hormone concentrations are the same for all the studies and if the effect of an assay method is multiplicative, then for a woman in study i:
where X is her measured hormone concentration, H is her underlying hormone concentration (subject to within-subject and within-laboratory error), and m i is a study-specific multiplicative constant representing the effect of the assay method on the measured hormone concentration. The effect of a logarithmic transformation of this equation,
is to make the effect of the assay method additive. Consequently, comparisons of risk based on differences in Z will not depend on m i . We used a log 2 transformation so that a unit increase in Z would represent a doubling in H (other transformations, such as log 10 and ln, would have produced identical results, based on tests of statistical significance, but different and less easily interpretable RR estimates). Pooling the risk estimates from the separate cohorts assumes that a doubling in hormone concentration has the same effect on RR in each cohort. The possible influences of other variables on the association between the doubling of a hormone concentration and breast cancer risk were examined by adjusting for established risk factors and by subgroup analyses. The established risk factors we examined were: age at menarche (<12 years, 12-13 years, ജ14 years); parity (zero, one, two, three, four or more full-term pregnancies); previous use of oral contraceptives (never, past); type of menopause (natural, surgical); time since menopause (0-4 years, 5-14 years, ജ15 years); previous use of HRT (never, past); and BMI (<22.5, 22.5-24.9, 25.0-27.4, 27.5-29.9, ജ30.0 kg/m 2 ). The subgroups we examined were: time from blood collection to diagnosis (<2 years, ജ2 years); previous use of HRT (never, past); age at diagnosis (<60 years, ജ60 years); parity (nulliparous, parous); previous use of oral contraceptives (never, past); type of menopause (natural, surgical); and BMI (<25 kg/m 2 , ജ25 kg/m 2 ). The associations of estradiol, the androgens, and SHBG with breast cancer risk were further examined by entering estradiol and each androgen and SHBG in turn into a conditional logistic regression model. All statistical analyses were performed using Stata Statistical Software (Stata Corp., College Station, TX) (16) . RRs and their 95% confidence intervals (CIs) were calculated. Heterogeneity of RRs and, where appropriate, linear trends in RRs were assessed by 2 tests. Linear trends and heterogeneity of RRs were assessed by two-sided tests or chi-square tests, as appropriate.
RESULTS
Estradiol data were available for a total of 663 case patients and 1765 control subjects who were enrolled in the nine studies. Data for the other hormones and for SHBG were available from three to eight studies. Among the control subjects, the mean age at recruitment ranged from 58.1 to 71.8 years, the proportion of nulliparous women ranged from 9% to 22%, the proportion of women with a natural menopause ranged from 71% to 95%, the proportion of women who had previously used HRT ranged from 18% to 37%, and the mean BMI ranged from 22.3 kg/m 2 to 26.7 kg/m 2 . Among the case patients, the median time between blood collection and diagnosis ranged from 2.0 years to 12.1 years (Table 2) . Table 3 summarizes the median hormone concentrations (and interquartile ranges) reported in each of the individual studies. The median concentrations for most of the hormones in most of the studies were higher in the case patients than in the control subjects. By contrast, most of the studies reported a lower median concentration of SHBG in case patients than in control subjects.
Associations Between Individual Hormone Levels and Breast Cancer Risk
In a pooled analysis that examined the RR of breast cancer associated with quintiles of hormone concentrations, we found that all of the hormones were statistically significantly associated with an increase in breast cancer risk and that there was evidence for a dose-response relationship between hormone levels and risk (Fig. 1) . The RR of breast cancer for women whose estradiol levels were in the top quintile compared with women whose estradiol levels were in the bottom quintile was 2.00 (95% CI ‫ס‬ 1.47 to 2.71). For the other hormones, the RRs of breast cancer for women whose levels were in the top quintile compared with those whose levels were in the bottom quintile were all approximately 2. The highest RRs were for women in the top quintiles for free estradiol (RR ‫ס‬ 2.58; 95% CI ‫ס‬ 1.76 to 3.78) and for non-SHBG-bound estradiol (RR ‫ס‬ 2.39; 95% CI ‫ס‬ 1.62 to 3.54). By contrast, there was a statistically sig- nificant inverse association between SHBG levels and breast cancer risk (RR in the top versus the bottom quintile ‫ס‬ 0.66; 95% CI ‫ס‬ 0.43 to 1.00, P trend ‫ס‬ .041). The RRs for breast cancer also increased with increasing percentages of free and non-SHBG-bound estradiol; RRs in the top versus the bottom quintiles were 1.55 (95% CI ‫ס‬ 1.06 to 2.27) for percentage free estradiol and 1.88 (95% CI ‫ס‬ 1.31 to 2.69) for percentage non-SHBG-bound estradiol (data not shown).
The RRs for breast cancer associated with a doubling of estradiol levels in each of the nine studies ranged from 0.76 to 1.69, and this RR was greater than 1.0 in six of the nine studies (Fig. 2) . The all-studies estimate of the RR of breast cancer associated with the doubling of estradiol levels was 1.29 (95% CI ‫ס‬ 1.15 to 1.44; P<.001). The variation in RRs between studies was not statistically significant (test for heterogeneity, 2 8df ‫ס‬ 14.45, P ‫ס‬ .071). We conducted similar analyses for the other hormones. For each of the hormones, the all-studies estimate of the RR associated with a doubling of their concentrations was greater than 1.0, whereas the all-studies RR estimate associated with a doubling in SHBG levels was 0.88 (95% CI ‫ס‬ 0.76 to 1.03). There was no statistically significant heterogeneity between studies for the association of any of the hormones or SHBG with breast cancer risk.
We examined the RRs of breast cancer associated with a doubling in the concentrations of estradiol, estrone, and testosterone according to whether the assay that measured the level of each hormone had used a method that incorporated a purification step or had used a direct, no-extraction approach. There were no statistically significant differences in these RRs according to the assay method used. The RRs associated with a doubling of estradiol levels were 1.35 (95% CI ‫ס‬ 1.15 to 1.58) for the five studies that used an assay that incorporated a purification step Guernsey, U.K. Case 61 45.5 n/a n/a n/a n/a n/a n/a n/a 1.14 54.0 (34.0-57.0) (0.77-1.73) (37.0-66.0) Control 178 35.0 n/a n/a n/a n/a n/a n/a n/a 0. n/a n/a n/a n/a n/a n/a 1747 21.7 n/a n/a n/a n/a n/a n/ †These numbers correspond to the numbers of case patients and control subjects for whom estradiol measurements were obtained in each study; the numbers of case patients and control subjects for whom measurements for the other hormones were obtained varied slightly for the different hormones. (4, 5, 9, 12, 14) and 1.23 (95% CI ‫ס‬ 1.04 to 1.44) for the four studies that used a direct assay (2, 6, 8, 11) . The RRs associated with a doubling of estrone levels were 1.46 (95% CI ‫ס‬ 1.18 to 1.79) for the four studies that used an assay that incorporated a purification step (5, 9, 12, 14) and 1.45 (95% CI ‫ס‬ 1.08 to 1.96) for the two studies that used a direct assay (2, 6) . The RRs associated with a doubling of testosterone levels were 1.37 (95% CI ‫ס‬ 1.15 to 1.65) for the three studies that used an assay that incorporated a purification step (5, 9, 12 ) and 1.44 (95% CI ‫ס‬ 1.21 to 1.72) for the four studies that used a direct assay (2, 4, 7, 8) .
Adjustment for Established Risk Factors for Breast Cancer
We examined the associations between the levels of all the hormones and breast cancer risk after adjusting, one factor at a time, for the following established risk factors for breast cancer: age at menarche, parity, previous use of oral contraceptives, type of menopause, time since menopause, previous use of HRT, and BMI. None of these adjustments substantially altered the associations between the levels of any of the hormones and breast cancer risk (results not shown).
Time From Blood Collection to Diagnosis
We found no evidence to suggest that the RRs of breast cancer associated with a doubling in hormone concentrations were substantially greater for case patients whose blood was collected within 2 years of diagnosis than for case patients whose blood was collected 2 or more years before diagnosis (Fig. 3) . Indeed, for all five types of estrogens examined, the Estimates are from conditional logistic regression on case-control sets matched within each study. Linear trends and heterogeneity of RRs were assessed by twosided tests or chi-square tests, as appropriate. DHEA ‫ס‬ dehydroepiandrosterone; DHEAS ‫ס‬ dehydroepiandrosterone sulfate; SHBG ‫ס‬ sex hormonebinding globulin.
RR of breast cancer associated with a doubling of hormone concentration was lower among case patients who were diagnosed within 2 years of blood collection than among case patients who were diagnosed 2 years or more from the time of blood collection.
Previous Use of HRT
For all the hormones except DHEA, and for SHBG, the RRs for breast cancer associated with a doubling in their concentrations were greater among women who had never used HRT than among women who had previously used HRT (Fig. 4) . Although these differences in RRs according to previous use of HRT were not statistically significant, the differences in RRs were more marked for the estrogens than for the androgens.
Other Subgroups
There were no statistically significant differences in the associations of any of the hormone levels with breast cancer risk when women were categorized according to age at diagnosis, parity, type of menopause, previous use of oral contraceptives, or BMI (results not shown).
Adjustment of Estradiol for Androgens and SHBG
Estradiol levels were positively correlated with the levels of the other sex hormones and inversely correlated with levels of SHBG. For example, the median correlations calculated from data reported in the individual studies were r ‫ס‬ .96 for free estradiol, r ‫ס‬ .87 for non-SHBG-bound estradiol, r ‫ס‬ .59 for estrone, r ‫ס‬ .60 for estrone sulfate, r ‫ס‬ .35 for androstenedione, r ‫ס‬ .20 for DHEA, r ‫ס‬ .29 for DHEAS, r ‫ס‬ .37 for testosterone, and r ‫ס‬ -.17 for SHBG. The strong correlations between the levels of estradiol and those of the other estrogens made it inappropriate to include more than one of these hormones in the same logistic regression model. To examine the simultaneous associations between estradiol and each of the androgens and SHBG and breast cancer risk, we calculated the RRs associated with a doubling of estradiol and the androgens and SHBG, with and without adjustment for each androgen and SHBG, in turn (Table 4) . In all cases, the magnitudes of the RRs associated with a doubling of estradiol levels were somewhat reduced after adjustment but remained statistically significant or approached statistical significance. Similarly, the RRs associated with a doubling of androgen levels or SHBG levels either remained statistically significant or approached statistical significance after adjustment for estradiol, although the magnitudes of the associations were also slightly reduced.
DISCUSSION
The main finding of our study was that postmenopausal women with relatively high serum concentrations of sex hormones had a roughly twofold higher risk for breast cancer than did postmenopausal women with relatively low serum concentrations of sex hormones. These results were highly statistically significant, were not statistically significantly heterogeneous between the nine studies we analyzed, and were not altered by adjusting for established risk factors for breast cancer. These results support the long-hypothesized role of endogenous hormones in the etiology of breast cancer.
One specific aim of our analysis was to examine the risks of breast cancer associated with sex hormone concentrations by subdividing the data according to the time interval between blood collection and diagnosis of breast cancer. This subgroup analysis showed that, for all of the sex hormones studied, the association with risk was not limited to the case patients who were diagnosed with breast cancer shortly after blood collection; indeed, for most of the hormones examined, the increase in risk was somewhat greater among the case patients who were diagnosed 2 or more years after blood collection than in the case patients who were diagnosed earlier than 2 years after blood collection. These results suggest that it is more likely that the positive associations we observed between sex hormone levels and breast cancer risk were the result of an effect of the hormones on the development of clinical cancer rather than an effect of preclinical tumors on hormone metabolism.
Another hypothesis that we sought to test was that the associations between the levels of different estrogens and breast cancer risk would be stronger among women who had not used HRT than among women who had used HRT. This hypothesis was originally proposed by Hankinson et al. (5) on the basis of their observations in the Nurses' Health Study. In our analysis, the RRs associated with a twofold increase in the levels of all the hormones except DHEA were larger among the women who had never used HRT than among the women who had previously used HRT, although none of these differences was statistically significant. Thus, further data are required to confirm this hypothesis.
The levels of all nine hormones or hormone fractions examined were statistically significantly associated with breast cancer risk. However, identifying which of these hormones is the most biologically important is not straightforward because they are all biochemically closely related. We therefore focused our analyses on estradiol, because this hormone was a priori of primary interest and because all nine studies reported measurements of estradiol levels. In theory, we would expect that the effect of estradiol on breast cancer risk would be observed most strongly for the fraction of estradiol that is not tightly bound by SHBG because this fraction of estradiol (which comprises free and albumin-bound estradiol) is readily able to enter cells, whereas SHBG-bound estradiol is not (17) . Our results supported this hypothesis: The highest RRs for breast cancer we observed were for women in the top quintiles of free estradiol and non-SHBGbound estradiol. Levels of estrone and estrone sulfate were also strongly associated with breast cancer risk, but it was not possible to say whether this is because they are converted into estradiol, because they are correlated with estradiol levels or, in the case of estrone, because of a direct biologic effect on breast cells.
The levels of all four androgens studied were also associated with breast cancer risk, although we observed somewhat stronger associations for androstenedione and testosterone than for DHEA and DHEAS. Androstenedione and testosterone can be converted in one step into estrone and estradiol, respectively. DHEA (and, indirectly, its sulfate DHEAS) can be converted into androstenedione, which can then be converted into both estrone and testosterone. Thus, DHEA and DHEAS are farther away from estradiol in the metabolic pathway than are androstenedione and testosterone. The results of the statistical analyses that entered both estradiol and each androgen in turn into the same model suggested that the associations of estradiol and the androgens with breast cancer risk were essentially independent and, indeed, that androstenedione and testosterone might be more strongly associated with risk than estradiol. However, caution is required in drawing such conclusions from these analyses because the measurements of androgens may be more precise than those of estradiol, making it easier to detect associations with the former than the latter. However, because the circulating levels of androgens are much higher than the circulating levels of estrogens in postmenopausal women, and because androgens can be converted to estrogens in the breast, serum androgens could be an important source of estrogens in the breast. In addition, androgens might also affect breast cancer risk by directly stimulating the growth and division of breast cells.
Pooling data on hormone concentrations and breast cancer risk is a biologically reasonable approach to these analyses. The true hormone concentrations among the women in the different cohort studies are likely to be very similar [with the possible exception of the RERF cohort, because there is evidence that Japanese women have lower serum concentrations of some sex hormones than Western women (18) ]. Furthermore, there is no reason to expect that the association of hormone levels with breast cancer risk is fundamentally different in different populations. The two methods of statistical analysis that we present (i.e., risks associated with increasing hormone concentrations across quintiles of the distribution and with the doubling of hormone concentrations) were carefully chosen because they assume only that the distributions of true hormone concentrations, and not the measured concentrations, were similar in the different studies. For individual hormones, there was no statistically significant heterogeneity between studies for the association between a doubling of hormone concentration and breast cancer risk. There was also no suggestion that the associations between the levels of estradiol, estrone, and testosterone and breast cancer risk differed markedly according to the method used to measure the levels of these hormones.
Tests for heterogeneity in the associations of hormones with breast cancer risk according to various characteristics of the women did not demonstrate any statistically significant heterogeneity for any of the hormones or for SHBG. The only hormone that approached statistical significance with respect to heterogeneity was estradiol. The only variable that appeared to modify the relationship between estradiol levels and breast cancer risk was previous use of HRT. However, this modification was not statistically significant, and previous use of HRT did not explain the weak heterogeneity between studies in the association between estradiol and breast cancer risk.
One limitation of our study is that the RRs we calculated are all based on single measurements of serum hormone concentrations for each woman. These single measures provide an imperfect estimate of an individual woman's longterm serum hormone levels. In the Nurses' Health Study, the authors used intraclass correlation coefficients from a relia- bility study to correct their RR estimates and observed that the RR for the upper fourth versus the lower fourth of the distribution for total estradiol levels increased from 1.77 (uncorrected) to 2.42 (corrected) (5) . Thus, it is likely that the RRs we report here are also underestimates of the true associations between hormone levels and breast cancer risk.
This pooled analysis of the worldwide data from prospective studies has established that serum concentrations of endogenous sex hormones are strongly associated with breast cancer risk in postmenopausal women. Because the levels of the hormones studied here are positively correlated with each other, it is difficult to identify which single hormone is most strongly associated with breast cancer risk. For estrogens, however, the observed association between their levels and breast cancer risk is probably causal for two reasons: 1) estrogens stimulate cell division (19) and 2) anti-estrogenic agents, such as tamoxifen, have been shown to be an effective treatment for early breast cancer (20) , to reduce the incidence of contralateral breast cancer (20) , and to reduce the primary occurrence of breast cancer (21, 22) . More research is needed on the roles of other hormones and growth factors in breast cancer risk, the roles of hormones in premenopausal women, and the roles of lifestyle and genetic determinants on hormone levels. In the future, the measurement of endogenous hormone levels might help to identify those women who are at increased risk for breast cancer.
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